Introduction
A recent research has proved that there is a vast range of naturally occurring bioactive molecules with a broad range of biological activities in algae, such as antimicrobial, antioxidant, antiinflammatory, antiviral and antitumor activities [1] . The ability of algae to exhibit such vast range of activities is due to the presence of bioactive molecules and their concentrations in these organisms [2] .
Phytochemical and pharmacological studies and literatures have suggested the availability of terpenoids and steroids in most algal species. Algae are a good source of proteins, carbohydrates, lipids, phenols, steroids, ketones and alkenes [3] . Both marine and fresh water algae produce a wide variety of chemically active secondary metabolites which act as a chemical defence against predators and herbivores under environmental stress and competition for space [4] . These bioactive metabolites are synthesized by certain species of marine and fresh water microalgae. These molecules have antibacterial, antialgal and antifungal properties which are effective in the remediation of various diseases, bio-fouling and are employed in other aspects such as in therapeutics [5] . There is an increasing demand for the use of antibiotics and other important A RT I C L E I N F O A B S T R AC T pharmacological bioactive molecules isolated from algae. In the field of research involving bioactive substances from plants, a greater interest has now arisen in algae. The first investigation on antibiotic activity of algae was carried out by Pratt et al. in the year 1944 [6] . There is a long history of the use of algae for the therapy practices in disease control and the extraction and use of biologically active substances from algae, of which most antibiotics were stated during early 1950s. Various solvent and aqueous extracts obtained from algae were analysed for the effective inhibitory action against some Gram-positive and
Gram-negative bacterial strains [7] [8] [9] [10] . The important molecules which have good antimicrobial activities are fatty acids such as saturated, unsaturated and monounsaturated acrylic acid, halogenated aliphatic compounds, terpenes, sulphur containing hetero cyclic compounds, carbohydrates and phenols [11] . Several products of the algal origin such as alginate, carrageenan and agar such as phycocolloids have been used for decades in medicine, pharmacy and researches.
Products of commercial and industrial importance such as varnishes, perfumes, cosmetics, lubricants, biopolymers, polyhydroxyalkanote, polyhydrooxybutyrate, surface active agents, shampoos, toilet soaps, household cleaners and detergents can also be manufactured by using algae. In recent times, algae have received a lot of attention as an excellent source of biomass for the production of renewable energy such as bio-diesel, bioethanol and bio-hydrogen. have harmful side effects on body organs. Therefore, the present study was to investigate Chlorella vulgaris (AS-3) (C. vulgaris), a kind of freshwater green microalgae, which has been employed in isolation and determination of bioactive molecules and to study the antimicrobial effect of organic extracts on human pathogens.
Materials and methods

Isolation and culture
C. vulgaris was collected and screened from Unkal Lake, a fresh water lake in Hubli-Dharwad [12] . Culturing the collected algal strain was done using 100 mL BG-11 media for inoculum preparation, and mass culture was carried out by using 
Preparation of algal crude extracts
The obtained algal biomass was subjected to centrifugation (2 500 r/min) for the time duration of 10 min so as to partially dehydrate it. About 25 g algal biomass was subjected to extraction for a time period of 30 min using Soxhlet apparatus, using 150 mL of each organic solvent, i.e. benzene, chloroform, diethyl ether, ethyl acetate, ethanol, hexane, methanol and distilled water. Respective solvents were reduced/recovered from the extracts using rotary evaporator.
Each extract was completely dried and weighed.
Preliminary phytochemical screening
The dried powdered extract samples were subjected to qualitative 
Chemical composition analysis
All extracts of C. vulgaris were used for the determination of bioactive compounds by gas chromatography-mass spectroscopy (GC-MS) in University Science Instrumentation Centre at Karnatak University, Dharwad. Analysis was done using GC-MS-QP2010S instrument. 
Tested microorganisms
Disc diffusion method
The obtained organic extracts were diluted using their respective solvents at the concentration of 10 mg/mL for preparation of stocks. To evaluate the antimicrobial activity, disc diffusion method was used. The bacterial suspension culture was made by diluting in distilled autoclaved water, 1 mL of which was poured into the Muller-Hinton agar plates for uniform distribution of microorganisms. Sterile disc with 3 mm diameter was used. Organic crude extracts (25 µg/disc) from the stock were poured on each disc using a sterile micropipette and dried. Streptomycin, gentamycin and erythromycin (25 µg/disc) were used as standards. The plates were incubated for 18 h at 37 °C . At the end of the incubation period, the inhibition zone was measured. Table 1 .
Results
Preliminary phytochemical determination
GC-MS profiling of various solvent extracts of C. vulgaris
Various molecules of pharmaceutical, commercial and industrial importance were identified by GC-MS. The peaks obtained from various extracts of C. vulgaris are given in Chemistry name of the compound, common name, molecular weight, molecular formula and their uses are listed in Table 2 .
Several values added molecules which are raw materials for various industries are also determined. These can used for the production of commerial products such as cosmetics, purfumes, detergents, etc.
Molecules which are precursors for biofuel production are also been found. Fatty acids such as butyric (C4), valeric (C5), lauric (C12), myristic (C14), pentadecanoic (C15), palmitic (C16), palmitoleic 
Antimicrobial activity of solvent extracts of C. vulgaris
The antimicrobial activity or zone of inhibition was observed Table 3 .
Discussion
In recent years, the use of algae for extraction of metabolites, bioactive molecules and other industrial important products has been gaining lots of importance. Some algal species have been used for therapeutically practices against various pathogens both in medicine and agriculture for decades. The current study is to determine the existence of natural bioactive molecules along with fatty acids presenting in C. vulgaris isolated form fresh water lake, and to determine its antimicrobial activity using various human 
